Objective Cardiovascular risk factors were surveyed in two Indian populations (Guarani, n U 60; Tupinikin, n U 496) and in a non-Indian group (n U 114) living in the same reserve in southeast Brazilian coast. The relationship between an agedependent blood pressure (BP) increase with salt consumption was also investigated.
Introduction
Essential hypertension in humans is a complex and multifactorial disease influenced by a great number of genetic and environmental factors [1] . Observational and experimental studies have shown that high dietary sodium intake, obesity and excessive stress are conditions associated with blood pressure increase and hypertension development, mainly in individuals with genetic predisposition to develop this disease [2] [3] [4] [5] [6] [7] . Thus, studies in animal models, human twins and families suggest that inherited markers contribute to more than 50% of the blood pressure variability in human populations [1, 8] .
Amerindian populations demonstrated low blood pressure levels when living in their traditional lifestyle and the occurrence of hypertension and other cardiovascular diseases was sporadic [9, 10] . Yanomami Indians, for example, when investigated in the Intersalt Study two decades ago, had an average arterial pressure of only 96/61 mmHg. Hypertension and obesity cases were not found in that study. More importantly, it was also observed that SBP did not increase with age, a finding attributed to the very low urinary sodium excretion (<1 mmol Na/24 h) because salt was not used in food preparation process [3, 10] . Similar results were found in other Amerindians groups living in the Brazilian Amazonia when an investigation was performed in individuals still living in their primitive life conditions [11, 12] . Subsequent studies have shown that the age-dependent blood pressure increase in these primitive populations is timely related to the emergence of other chronic diseases, including dyslipidemias, type 2 diabetes and atherosclerosis [9, [13] [14] [15] . Despite the good documentation of the epidemiological transition in some native communities, mainly in the North American Indians, the relative participation of genetic and environmental factors to the uprising of chronic degenerative diseases in primitive communities is not completely understood. Presumably, adoption of acculturated eating habits, such as the intake of foods rich in sodium and carbohydrates with elevated glicemic index, may trigger genetic markers that facilitate the expression of specific phenotypes favoring development of hypertension, atherosclerosis and diabetes [2, 9, 10, 15] . Therefore, a better understanding of the epidemiological transition in primitive populations may give additional information about the biological and sociocultural factors influencing the emergence of these chronic diseases in developing societies.
Two native Indian communities of different ethnic origin live in the same indigenous reserve in the Southeast Brazilian Coast, at Espírito Santo State. The larger group is composed of Tupinikin descendants. This group is well integrated to the usual lifestyle of small Brazilian countryside communities. The men generally work as small farmers or employees carrying out manual functions (mainly in timber industry), whereas women are mostly dedicated to domestic activities. Part of the people living in the Tupinikin reserve is not ethnically Indian, but married to Tupinikins or to their descendants. The other group is formed by Guarani Indians, with a different ethnic origin. Despite living in the same land reserve, this group has resisted incorporating some of the western civilization habits. They maintain their original language, live in poor houses and are mostly dedicated to handcrafting and fishing. Primitive food intake habits, however, were lost and most of food consumed every day is obtained by public and private donations. Therefore, their dietary habits are fully westernized with a high prevalence of obesity, a finding previously observed in some North American Indian communities [9] . Traditional rules followed by the Guarani community do not facilitate interethnic marriage, so that individuals living in the Guarani settlement may be considered mostly unmixed. Therefore, the aim of the present study was to determine the prevalence and severity of the traditional cardiovascular risk factors in these two Indian communities. As salt intake seems to exert a key role for the emergence of high blood pressure in primitive communities [3, 10] , our purpose was also to investigate the association between blood pressure levels versus urinary sodium excretion and obesity in these two communities.
Participants and methods

Study population
A community-based and cross-sectional study of risk factors for cardiovascular diseases was carried out in two Indian groups (Guarani and Tupinikin) living at the Aracruz Indian Reserve, Espírito Santo State, in the southeast Brazilian coast. All individuals (n ¼ 834; 86 Guarani and 748 Tupinikin) aged 20 years or more were eligible for the study. During small meetings in each of the five small settlements, the eligible individuals were invited to participate in the study. Data were collected from Clinical and laboratory data Participants were enrolled to attend the health unit by local health attendants. Participants were informed that they should submit urine and blood for clinical and biochemical analysis necessary to detect presence of cardiovascular diseases (such as hypertension) and diabetes. Participants attended the clinic in the morning (07.00 h) to undergo venous blood collection after a 10-12 h fasting period, anthropometric evaluation [height, weight and waist-to-hip ratio (WHR)], blood pressure measurement, standard 12-derivations ECG and measurement of pulse wave velocity (PWV) and also to answer a questionnaire related to personal data and lifestyle habits (tobacco and alcohol consumption, medicines under use, etc.). Urine was collected from participants during a 12-h period (from 19.00 h to 07.00 h) during the night before the clinic visit. Blood samples were used to determine fasting glucose, total cholesterol, the lipoproteins fractions low-density lipoprotein cholesterol (LDL-c), high-density lipoprotein cholesterol (HDLc), very low-density lipoprotein cholesterol (VLDL-c), triglycerides, creatinine and uric acid. The 12-h urine collection was supervised by local health assistants (Indian origin and living in the same community). After blood collection, participants had a small breakfast and the other examinations were initiated 30 min later. Na and K concentrations were measured in the 12-h urine by flame photometry. All measurements were performed in the same laboratory and the same commercial kits were used in all investigations. Estimation of daily salt consumption (as NaCl) was calculated according to a previously tested protocol, where the 12-h urinary sodium excretion (night) represented 45% of 24-h total sodium excretion [4] .
The clinical examination consisted of a face-to-face interview to determine ethnic classification, smoking habits, use of medicines and food intake habits. Inclusion of individuals in one of three groups (Tupinikin, Guarani or non-Indian) was determined by only one investigator by observing phenotype characteristics and self-reported information about ascendants. In the Guarani settlement, all individuals were considered to be native to this ethnic group. In the Tupinikin community, however, miscegenation to other ethnic groups (mostly African descents) was easily determined by typical phenotypes and participant information. Only individuals with clear indigenous phenotypes (characteristic skin color, straight hair) and having self-reported Tupinikin ascendants were classified as 'Tupinikin' (n ¼ 496), whereas 114 individuals (18.7%) living in the Tupinikin settlement were classified as 'non-Indians'. Most of them showed intermediate phenotypes of Brazilian natives and/or African or European ascendants.
Blood pressure was measured three times in the left arm with an automatic and validated device (Omron 705-CP; Omron Corp., Kyoto, Japan) after a rest period of 5-10 min in the sitting position and the mean of the two last recordings was considered as the clinic blood pressure. Participants with SBP 140 mmHg or more and/or diastolic blood pressure 90 mmHg or more, or using antihypertensive drugs, were considered hypertensive. Stages of hypertension were defined by the JNC-VI criteria [16] . Diabetes mellitus was diagnosed by the presence of fasting glucose higher than 125 mg/dl or the use of antidiabetic drugs. Obesity was defined as BMI ! 30 kg/m 2 or more and being overweight as a BMI between 25 and 29.9 kg/m 2 . The presence of left ventricular hypertrophy (LVH) was determined in the conventional ECG recording by using either the Sokolow-Lyon-Rappaport index [S (V1 or V2) þ R (V5 or v6) !3.5 mV] [17] as the RomhiltEstes score [18] . PWV was measured with an automatic device (Complior, Colson, France) by simultaneous recording of the carotid and femoral pulse waves, according to a technique previously validated, and PWV was used as an indirect index of aortic rigidity [19, 20] .
Data analysis
Differences in the prevalence of nominal variables in the ethnic groups were tested by the x 2 test. Differences between means of continuous variables were tested by the Student's t-test or by a one-way analysis of variance (ANOVA -followed by the post-hoc Tukey test) when appropriate. Linear correlations between blood pressure and measured parameters were obtained by the Pearson's product moment analysis in the ethnic groups. The influence of the different variables on blood pressure was assessed using a forward stepwise multiple regression analysis. Student's one-sided t-test was used to compare the slope of regression lines for SBP and age between racial-ethnic groups. Subgroup case-control analysis was also used to verify whether blood pressure differences between Guarani and Tupinikin groups were due to different number and age composition of each group. Statistical significance was set at P less than 0.05. Statistical analysis was conducted in the SPSS software (version 11.5; SPSS Inc., Chicago, Illinois, USA).
Results
A total of 670 individuals (60 out of 86 living in Guarani and 610 out of 748 living in Tupinikin settlements) agreed to participate in the study. The participation rate was similar in both sexes (78.9% and 80.9% of eligible men and women, respectively). The Guarani group was slightly younger than the Tupinikin and the non native group. The education level was generally low, with most of the individuals with less than 4 years of schooling. Education level tended to be smaller in the Guarani group ( Table 1 ).
The prevalence of cardiovascular risk factors is shown in Table 1 . There were evident differences in relation to the two native groups and nonsignificant differences between the Tupinikin and the non-Indian groups. Smoking was much more frequent in Guaranis (60.4% of regular smokers) than in the other two groups (around 25% of regular smokers). Conversely, hypertension and diabetes was almost absent in the Guarani community where nobody was using antihypertensive and/or antidiabetic drugs. Only one individual (man, 43 years) showed slightly elevated SBP (142 mmHg Â 86 mmHg) and another (woman, 42 years) had elevated fasting glucose (140 mg/dl). A positive familiar history of hypertension (awareness of at least one parent and/or one brother or sister with high blood pressure or using antihypertensive drug) was significantly lower (P < 0.05) in the Guarani group (6.6%) compared with the Tupinikin (55%) and nonnative (66%) groups. Hypertension was detected in 124 individuals and 80% of them were aware of being hypertensive. Forty-six percent of hypertensive individuals (n ¼ 57) were under medication and only 28% (n ¼ 16) showed normal blood pressure levels. According to JNC-VI classification [16] , 69% showed hypertension phase 1, 19% phase 2 and 12% phase 3. As expected from blood pressure data, the presence of left ventricular hypertrophy according to the Romhilte-Estes index was not found in the Guaranis investigated in this study and it was similar in Tupinikins and nonnatives (x 2 ¼ 3.2; P > 0.05). Left ventricular hypertrophy was much more frequent if the Sokolow-Lyon index was used instead. In this case, the prevalence of this condition was higher (P < 0.05) in Tupinikins (31.6%) and nonnatives (27.2%) than in the Guarani group (13%). The prevalence of low HDL-c was more frequent in Guaranis than in the other two groups. Overall prevalence of diabetes was 4.3%. Obesity (BMI !30 kg/m 2 ) was found in 14.3% of the individuals, with higher prevalence (P < 0.05) in the Guarani group. Anthropometric and biochemical parameters are shown in Table 2 . Height was significantly lower in Guarani. This group also showed smaller mean values of glucose, total cholesterol, LDL-c and HDL-c and higher values of triglycerides compared with the other two groups. The 12-h urine volume, creatinine clearance and Na excretion were similar in the three groups, despite a tendency to lower values observed in the Guarani group. Potassium excretion, however, was significantly lower in this group. Salt consumption calculated from the 12-h Na excretion was high in the three studied groups and no statistical difference in relation to ethnicity was found.
Hemodynamic parameters are shown in Table 3 . Heart rate was similar in the three groups, whereas SBP, DBP, mean and pulse pressure were significantly lower (P < 0.01) in the Guarani compared with the Tupinikin and nonnative groups. This difference remains with a high degree of statistical significance (P < 0.01) after adjustment of the mean blood pressure for age and BMI as covariates (Guarani ¼ 83 AE 9 mmHg; Tupinikin ¼ 92 AE 11; nonnatives ¼ 92 AE 13 mmHg). SBP and DBP also remain significantly lower in the Guarani group after adjustment for these two covariates. PWV, a variable related to aortic stiffness, was also significantly lower in the Guarani group, even after adjusting for age and SBP.
Univariate analysis correlating SBP and DBP with age, anthropometric and biochemical variables in the two native groups is shown in Table 4 . The strongest correlation coefficients in the Guarani group were found in relation to anthropometric variables, either for SBP or DBP. In the Tupinikins, however, the strongest predictor of the SBP was age.
The regression analysis for SBP and DBP by age in the three groups is shown in Fig. 1 . SBP was significantly related to age in Tupinikins (r ¼ 0.598; P < 0.01), in nonnatives (r ¼ 0.454; P < 0.05) and in Guaranis (r ¼ 0.272; P < 0.05). The rate of SBP increase (beta coefficient) in Tupinikins (7.9 AE 0.5 mmHg/decade) and nonnatives (6.6 AE 1.2 mmHg/decade) was higher (P < 0.01) than in Guaranis (3.1 AE 1.5 mmHg/decade). A significant (P < 0.01) age-dependent increase of DBP was observed in the Tupinikins and nonnatives (2.5 AE 0.3 and 4.0 AE 0.7 mmHg/decade, respectively). This parameter, however, was not different from zero in Guaranis (1.2 AE 1.1 mmHg/decade; P ¼ 0.28).
A forward multiple regression analysis was tested to determine main predictors of blood pressure variability in the two Indian groups. The model included all variables with significant correlation depicted in Table 4 . In Tupinikins, age and WHR remained in the model, and these two variables explained 44% of total SBP variability (SBP ¼ 36.6 þ 0.70 Â age þ 68.6 Â WHR; r 2 ¼ 0.44; P < 0.01). In the Guarani group, only WHR remained in the model, explaining 22% of total SBP variability (SBP ¼ 22.1 þ 95.9 Â WHR; r 2 ¼ 0.22; P < 0.01). The DBP was dependent on WHR, age and body weight in Tupinikins (r 2 ¼ 0.28; P < 0.01), whereas only WHR remained in the model in the Guarani group (r 2 ¼ 0.22; P < 0.01).
The previous analysis was performed including all individuals of our data bank, and some differences found between Guaranis and Tupinikins might be due to differences in sample size or age distribution. Therefore, all data were re-evaluated after sorting 50 Guaranis and 50 Tupinikins paired by sex and age. Mean values of SBP and DBP remained similar to those shown in Table 3 (Guarani: 107 AE 13/69 AE 9 mmHg vs. Tupinikin: 119 AE 18/75 AE 8 mmHg). Twelve-hour urinary sodium excretion was also similar in subgroups (Guarani: 91 AE 43 mEq and Tupinikin: 98 AE 57 mEq; P ¼ 0.52), as observed considering all components of the two groups. Considering only the data obtained in individuals older than 45 years (eight Guaranis and 101 Tupinikins), a significant difference (P < 0.05) in blood pressure between groups is still observed. Thus, SBP and DBP were smaller in this Guarani subgroup (120/74 mmHg) compared with the Tupinikin group (143/83 mmHg). In the latter group, 58% were hypertensive, whereas all Guaranis had normal blood pressure values. Despite these clear differences in blood pressure values, urinary sodium excretion (mEq/12 h) was similar (Guarani: 88 AE 39 mEq vs. Tupinikin: 99 AE 56 mEq; P ¼ 0.68).
Discussion
The main finding of this study was the different behavior of blood pressure as a function of age in the Guarani group compared with the other two groups (Tupinikin and nonnatives). The food intake habits of these communities were not investigated in detail in the present study. However, according to the data obtained from the urine analysis, the food intake habits seem to be similar, mainly in relation to sodium and potassium intake. In many aspects, the Tupinikin and non-Indians showed similar characteristics, despite the fact that the latter is composed of an inhomogeneous group of individuals living together with Tupinikins.
An age-dependent increase in blood pressure was observed in almost all populations investigated until now, except for some isolated and primitive groups. The age-dependent blood pressure increase has been ascribed to diet habits and body weight gain, as studies in isolated populations with very low salt intake in different parts of the world have shown no increase of blood pressure with age [5, 10, 12, 15, [21] [22] [23] [24] . These primitive populations are usually characterized by a Na þ -poor and K þ -rich diet, because it is highly dependent on vegetable (roots) and fruits. Other investigators have argued that the lack of an age-increase in blood pressure in these isolated populations could be due to the high prevalence of malnutrition and/or chronic diseases [25] . None of these situations was found in the Guarani group investigated in this study. Both Indian populations of our study have characteristics of the so-called occidental diet including high sodium content and adequate calories. The levels of 12-h urinary sodium excretion were similar to that found in Brazilian urban populations [4] . Other alimentary habits were not systematically investigated. However, the main meals usually have a high content of cereals (rice, beans and manioc powder) and saturated fat. Fish consumption was less common even in the Guarani group. Therefore, the low blood pressure observed in the Guarani seems not to depend on the low sodium diet as observed in other primitive Brazilian populations, such as the Yanomami, Amondava and Suruí Indians living in the Amazonian region [11] [12] [13] . Malnutrition, characterized by low body weight, also cannot contribute to low blood pressure levels as was found in other Brazilian indigenous populations [15] because the prevalence of being overweight and obesity found in the Guarani group was similar to that observed in other Brazilian urban populations [4] . By contrast, a high prevalence of being overweight and obesity was found in Guaranis, and the multivariate analysis suggests that this finding accounts for most of the blood pressure variability observed in this Indian group. Interestingly, Cardoso [26] also studied some cardiovascular risk factors in a Guaraní-Mbyá settlement in Angra dos Reis, Rio de Janeiro State. Blood pressure was measured in 145 individuals (!15 years, age mean 36.2 AE 20.8 years) and the mean values of SBP and DBP (109.3 AE 13.6 and 69.7 AE 9.8 mmHg, respectively) were similar to the ones found in our study. The prevalence of hypertension was only 4.1%, a value lower than those found in most of the studies conducted in North American Indian populations [27] .
Our study, however, was the first to show that the low pressure levels seem not to depend on low-salt diet as previously stated in others primitive societies. The high prevalence of obesity in Guaranis agrees with the sedentary lifestyle of this group because the main commercial activity is still handcrafting, although farming was the main occupational activity declared either by Tupinikins and by the nonnatives integrated to the Tupinikin community. The seemingly lower energy cost of work activities, therefore, in Guaranis may explain the higher BMI and obesity prevalence found in this group. According to other studies, this fact would facilitate an age-dependent blood pressure increase, particularly related to DBP [28] . Our data agree with this view because, in the multivariate regression analysis in the Guarani group, the WHR, an indirect index of central obesity, was the only independent predictor of blood pressure variability.
Our findings support the view that differences in blood pressure patterns found in Guaranis compared with Tupinikins and non-Indians are not due to different nutritional habits. Studies have shown an association between alcohol ingestion and blood pressure [29] . We did not perform a systematic investigation of alcohol consumption in our study. Poor language understanding (mainly in Guaranis) makes it difficult to obtain reliable data on this subject. However, alcohol use and abuse was roughly investigated during the medical interview, and our general view is that alcohol consumption is high (mainly in men) and similar in all three studied groups. Therefore, it is unlikely that alcohol consumption may be responsible for the differences in blood pressure levels between groups. Therefore, our data suggest that differences in the genetic structure modulating the age-increase in blood pressure (such as salt sensitivity) or some geneenvironment interaction not explored in the study may account for the some differences found between the two native groups. The finding that a familiar history of hypertension was more frequent in Tupinikins reinforces this view.
It is interesting to note that, despite the high prevalence of being overweight/obesity in the Guarani group, mean values of blood glucose were also lower in these individuals than in Tupinikins and nonnatives. This finding reinforces the view that deregulation of carbohydrate metabolism and blood pressure increase may depend on common pathophysiological mechanisms. It is well described that in North American Indians, obesity is strongly associated with type 2 diabetes and lifestyle modifications, including nutritional transition [30, 31] . Lifestyle modifications also may increase stress levels, thus contributing to age-dependent blood pressure increase, a fact observed in some primitive and isolated populations after emigration to urban areas [32, 33] . However, several studies have suggested that models used to explain the increase in hypertension and diabetes in North American Indians may not be reproduced in South American Indians [30] . Thus, the Aymara and Mapuche populations living in Chile also showed a high degree of obesity and a very low prevalence of diabetes and hypertension [34] , as well as low resting insulin levels [35] .
Some degree of dissociation between obesity, hypertension and diabetes was also observed in the Guarani group investigated in our study, as well as in another study in a Guarani-Mbyá group living in the Brazilian southeast cost [26] . In overall, our data do not explain the origin of the evident differences in relation to the blood pressure pattern in these two Indian communities living in the same native reserve and having similar habits related to food consumption. However, they suggest that the genetic background of different communities may help to understand how lifestyle habits may contribute to the surge of complex diseases, such as hypertension and diabetes. However, we cannot discard cultural influences accounting for some of differences in physiological parameters, such as blood pressure, between Guaranis and Tupinikins. Chronic stress may influence blood pressure levels and may contribute to change in values of this variable along time [32, 33] . However, psychosocial characteristics were not determined in the individuals included in this study.
PWV was significantly lower in Guarani compared with the Tupinikin group, suggesting the existence of less stiff arteries in the former group [19] . Age contributes to increase the collagen-to-elastin ratio in large arteries, thus increasing vascular stiffness, SBP and PWV. As PWV in the Guarani group remained significantly lower that in Tupinikins even after adjustment for age and SBP, we may speculate that differences in arterial rigidity expressed by the lower PWV values in Guaranis may contribute to the lower blood pressure levels observed in this group. Genetic determinants may contribute to phenotypes differences observed in different populations. Thus, a polymorphism of the angiotensin II type 1 receptor is an independent determinant of aortic stiffness in hypertensive patients [36] . Therefore, genetic markers may contribute to the occurrence of reduced artery stiffness in this group. However, additional studies in other Guarani communities, including the investigation of candidate genes affecting blood pressure, may give new insights into this area.
Previous studies have suggested that the age-dependent increase in blood pressure in primitive communities was closely related to the use of salt in food preparation [3] . Several studies in primitive Amazonian tribes as well as in other primitive communities were concordant with this view. The present study, however, points in a different direction. The Guarani community investigated in this study has adopted several occidental habits, including those related to salt use and the age-dependent increase in blood pressure is significantly attenuated compared with Tupinikins, so that hypertension was almost absent in the former group, even considering the individuals with more than 45 years, when high blood pressure is highly prevalent. Therefore, our study suggests that salt addition to food preparations seems not to be the only factor explaining age-dependent SBP increase in primitive populations after changing their primitive habits. Social stress seems to also contribute to this phenomenon. However, additional studies are necessary to quantify the relative contributions of the different factors contributing to the progressive increase of blood pressure with age, a factor predisposing to the worldwide development of hypertension.
Study limitations
A major limitation in our study is the different number of individuals in the two Indian communities. However, the subgroup analysis showed similar results to those obtained when entire groups were considered. In addition, we did not evaluate psychosocial characteristics that may influence time-dependent changes in physiological variables such as blood pressure. The Tupinikin community is more integrated to the surrounding communities than Guaranis, and such isolation of Guaranis may reduce exposure to some stressors such as daily labor and the necessity to obtain money to survive. Apart from genetic factors, we cannot exclude contributions of such variables to explain blood pressure differences between groups.
